Introduction {#S0001}
============

*Acinetobacter baumannii* is a genus of gram-negative bacteria from the extensive class of Gammaproteobacteria. This class of bacteria has appeared as a major nosocomial pathogen with the ability to cause some diseases such as pneumonia and bacteremia. The mortality rate of this bacterium reaches 60% in vulnerable patients.[@CIT0001],[@CIT0002] Among the multi-drug resistant strains, *A. baumannii* is a paramount pathogen in clinical terms, particularly in hospital-acquired infections.[@CIT0003],[@CIT0004] Overall, this bacterium is the most associated with nosocomial infections, particularly in intensive care units (ICUs). Horizontal acquisition of resistance genes is the main factors involved in the emergence of multidrug resistance (MDR). Nevertheless, it has been recently identified that improved expression of chromosomal genes for efflux systems plays a significant role in MDR.[@CIT0005] The main mechanisms to confer resistance to a different class of antibiotics in *A. baumannii* include aminoglycoside, β-lactamases, modifying enzymes, permeability defects, alteration of target sites, and multidrug efflux pumps. Antibiotics released from the cell lead to a decrease in drug accumulation and a rise in the minimum inhibitory concentrations (MICs). In this regard, efflux pumps lead to the release of antibiotics from the cell efflux, which reduces drug accumulation and increases the MIC.

Each efflux pump contains three components: the outer membrane channel, the periplasmic lipoprotein, and the inner membrane transporter. Four classes of efflux pumps including major facilitator superfamily (MFS), the resistance-nodulation cell division (RND) family, small multidrug resistance (SMR) family, and multidrug and toxic compound extrusion (MATE) family are associated with *A. baumannii* antimicrobial resistance. Of these several pumps, the MFS and RND families of transporters have been studied in detail. AdeABC and RND-type efflux pump are not only related to aminoglycoside resistance but also involved in the resistance to many other antibiotics such as tigecycline lactams, chloramphenicol, erythromycin, and tetracycline as well. From the five superfamilies of pumps, resistance-nodulation-division (RND) systems are the most important ones in multiple resistant *A. baumannii*. This system generally demonstrates an extensive substrate variety as well as antibiotics, dyes, biocides, detergents, and antiseptics.

Epidemiology and Treatment of *A. baumannii* {#S0002}
============================================

The most important aspect of the infection with *A. baumannii* strains is their resistance to entirely known antibiotics, suggesting the need for urgent action by the global health care community. Due to the high antibiotic resistance rate, this pathogen can survive for a long time in the hospital environment and spread nosocomial.[@CIT0006] Several risk factors are important in the relation of *Acinetobacter spp* infections; eg, length of hospital stay, contact to an ICU, mechanical ventilation, acquaintance to antimicrobial agents, and current surgery. General environmental contamination is frequently established. In this regard, infection incidences have been found in respiratory care equipment, wound care procedures, and some patient care items.[@CIT0007] In humans, *A. baumannii* has been isolated from all cultivable places. Surprisingly, *A. baumannii* can form a part of the bacterial microbiota of the skin, mainly in moist regions such as the groin and toe webs. More than 40% of healthy adults can have colonization of the skin and mucous membranes. This rate is even higher among hospital staff members.[@CIT0008],[@CIT0009] Treating multidrug-resistant bacteria has remained as the top priority in the clinician's practice in caring for hospitalized patients. *A. baumannii* has established to be a progressively significant and serious species in healthcare-associated infections.[@CIT0010] Carbapenems have been considered for the treatment of choice for severe infections.[@CIT0011] In addition, a growing number of carbapenem-resistant *Acinetobacter* isolates have been reported globally. Since the past three decades, the use of colistin has been restricted due to its toxicity and the expansion of novel antibiotics with improved care outlines. Conversely, the growing occurrence of multidrug-resistant *A. baumannii* in addition to a lack of new antimicrobial agents has revived attention in the use of colistin regarding its worthy activity against this organism.[@CIT0012]

Efflux Pumps and Mechanisms of Function {#S0003}
=======================================

*A. baumannii* is an important and opportunistic pathogen that plays a major role in the pathogenicity of humans. This bacterium can attach to the surfaces in the hospital environment and survive easily for a long time in adverse conditions. *A. baumannii* is accountable for a severe nosocomial infection, particularly in the intensive care units.[@CIT0013] The option of surviving in natural niches, and in the hospital environment could also be associated with the efflux pump mechanisms. Mechanisms of efflux commonly appear in all cells and play the physiological role.[@CIT0014] For example, in a prokaryote cell, the main functions include evasion of such naturally produced molecules and removal of metabolic products and toxins. Efflux pumps could also be complicated in an early stage of infection, such as adhesion to host cells and colonization. Outstandingly, they remove generally used antibiotics from the cell in the therapy of infections caused by these bacteria.[@CIT0015] Efflux-pump genes and proteins are existent in all organisms. Several studies have shown that efflux pumps in bacteria can confer reduced susceptibility to antibiotics; however, such decreases do not permanently affect clinical levels of antibiotic resistance. Efflux pumps can be specific for one substrate or can transport a range of structurally dissimilar compounds as well as antibiotics of different chemical classes. Such pumps that transport numerous compounds can be related to multidrug resistance (MDR). Several efflux pumps have clinical significance since they can reduce the fatality of bacterial infection by the agent(s) of choice.[@CIT0016] These pumps exist in nearly all bacterial species. Encoding genes of this class of proteins can be located on chromosomes or plasmids.[@CIT0017]

Classification of Efflux Pumps {#S0004}
==============================

There are several efflux transporters, which are grouped using phylogenetic classification, based on protein sequences. One classification method for all transporter proteins has been proved by the Milton group.[@CIT0018] Five major families of an efflux transporter in the prokaryotic kingdom have been recognized. The families characterized for *A. baumannii* ([Figure 1](#F0001){ref-type="fig"}) are major facilitator superfamily (MF), Tet(A), Tet(B), Comal, multidrug and toxic efflux (MATE) AbeM, resistance nodulation-division (RND), AdeABC, small multidrug resistance (SMR), ATP binding cassette (ABC), and MacB from *A. baumannii*. All these systems use the proton motive power as an energy source. These ABC families operate ATP hydrolysis to determine the export of substrates. Transporters that efflux multiple substrates, such as antibiotics, have not progressed in response to the stresses of the antibiotic era. All bacterial genomes studied cover numerous different efflux pumps; the findings reveal their ancestral origins. It has been reported that almost 10% of all bacterial genes are elaborate in transport and a large amount of these encode efflux pumps.[@CIT0019] Additionally, transporters differ in their subcellular organization, eg, the RND pumps, which all are exporters of drugs and toxic cations located on the inner membrane (IM). Since these transporters interact with the periplasmic adaptor protein and the outer membrane (OM) channel, they produce a tripartite complex spanning the IM, the periplasm, and the OM. In *E. coli, AcrABTolC*, and *P. aeruginosa* MexAB-Opr members of the superfamily, ABC, MATE, and MFS are structured as a tripartite complex. In this mechanism, drug exertion occurs directly into the external medium. Therefore, the return of drugs needs the slow traversal of the OM and an effective permeability barrier projected for tripartite transporters.[@CIT0020] Accordingly, these pumps are far extra efficient in creating obvious resistance to antibiotics, particularly in *AcrB* of *E. coli*.[@CIT0021] In comparison, non-structured pumps occurring as single-component or "singlet" pumps in the IMs such as most of MFS and SMR pumps are less operative in creating a noticeable reduction in susceptibility. The main reason for this shortcoming is that the drug molecules are released only into the periplasm and can freely diffuse back into the cytosol because most antibiotics are comparatively lipophilic molecules that can cross the phospholipid bilayer region of the IM. Conversely, RND pumps are supposed to capture antibiotics from the periplasm.[@CIT0022],[@CIT0023] Efflux systems contributing to antibiotic resistance have been defined from some of the clinically imperative bacteria, as well as *Campylobacter jejuni* (*Cme ABC*),[@CIT0024] *P. aeruginosa* comprise MexAB-OprM, MexCD-OprJ, MexEF-OprN, and MexXY-OprM,[@CIT0024] *Streptococcus pneumonia* PmrA,[@CIT0025] *Salmonella typhimurium Acr B*,[@CIT0026] and *Staphylococcus aureus* NorA.[@CIT0027] It is noteworthy that all these efflux systems export multiple antibiotics.[@CIT0028]Figure 1Five main MDEPs with their well-known examples and antibiotic substrates. Data from Yılmaz and Özcengiz.[@CIT0091]**Abbreviations:** OMP, outer membrane protein; SMR, the small multidrug resistance family; MFS, the major facilitator superfamily; ABC, ATP-binding cassette superfamily; MATE, the multidrug and toxic compound extrusion family; RND, the resistance-nodulation division family.

Efflux Pumps in Bacterial Structure {#S0005}
===================================

he efflux transporter (AdeB) arrests its substrates both from inside the phospholipid bilayer of the inner membrane or the cytoplasm[@CIT0022] and then carry them into the extracellular medium via OMP (*AdeC*).[@CIT0029] The periplasmic protein *AdeA* mediates the collaboration among *AdeB* and *AdeC* components. Drug transport, by different pump families, is determined by the transmembrane electrochemical gradient of protons. Some of the RND families are proton antiporters that use proton gradient to force efflux and trade one H+ ion for just a single drug molecule.[@CIT0030] [Figure 2](#F0002){ref-type="fig"} depicts the scheme of the structure of the *AdeABC*.[@CIT0031] This system was revealed to be associated with declined susceptibility to a broad spectrum of antimicrobials as well as aminoglycosides, tetracycline, erythromycin, chloramphenicol, trimethoprim, fluoroquinolones, some β-lactams, and ethidium bromide.[@CIT0032]--[@CIT0034]Figure 2Schematic organization of the *ade* gene cluster. Data from Wieczorek et al.[@CIT0013]

In most of the transport modes, all MFS transporters share the same structural fold. The structural core contains several transmembrane helices (TM1-TM12) that are planned into two structurally similar domains; ie, the N-domain (TM1-TM6) and the C-domain TM7-TM12.[@CIT0035] This was first revealed in *P. aeruginosa*[@CIT0036] and was rediscovered in *E. coli* in the past decade.[@CIT0037] The latter study[@CIT0037] made a significant point that the involvement of some singlet pumps may have escaped detection because of covering specificities. Thus, in case of the double deletion of an MFS pump, MdfA, SMR pump, and *EmrE*, the *E. coli* is susceptible. It is even further susceptible when deleting the *AcrB* mutant from cationic agents with intracellular targets, alike acriflavine or ethidium. Recent findings revealed that RND pumps are relatively ineffective in arresting drugs from the cytosol.[@CIT0038] Consequently, the singlet pumps frequently show a central role in resistance to agents with intracellular targets. For example, the plasmid-encoded *TetA* pump creates significant tetracycline resistance.[@CIT0039] Additionally, the synergistic mechanism can sometimes be quite effective. Although the MFS-type MDR pumps typically do not perform the main role in resistance, only the drug pumps of the Tet group, which are commonly plasmid-encoded, are clinically imperative in creating tetracycline-specific resistance in numerous bacterial species. In current terminology, *TetA* denotes to the MFS exporter and the phylogenetic group, to which it is appropriately specified by the group in parentheses, as in *TetA*(B).[@CIT0040] *TetA* pumps existing in gram-negative bacteria contain several phylogenetic groups, while the 14-TMS Tet pumps present in gram-positive bacteria have at least 3 groups.[@CIT0041] The plasmid-encoded *TetA* pumps were the earliest bacterial drug efflux pumps recognized.[@CIT0042] Biochemical research via the Yamaguchi group indicated that their substrate was the magnesium salt of tetracycline.[@CIT0043] Moreover, cysteine-scanning mutagenesis monitored by tagging studies recognized the residues essential for substrate binding and proton translocation.[@CIT0044]

*Acinetobacter baumannii* Efflux Pumps {#S0006}
======================================

In *A. baumannii*, AdeB is the multidrug transporter protein and *AdeA* and *AdeC* are in the MFP and OMP, respectively.[@CIT0045] Accordingly, in *A. Baumannii, AdeB* is the multidrug transporter protein, *AdeA* is the MFP, and *AdeC* is the OMP.[@CIT0032] Briefly, the efflux transporter *(AdeB)* captures its substrates either from the phospholipid bilayer of the inner membrane or the cytoplasm[@CIT0022] and subsequently transports them into the extracellular medium via OMP(*AdeC*).[@CIT0029] Efflux pump plays an important role in the antimicrobial resistance of *A. baumannii*. Nevertheless, the function of the Emr pump system and the relationship between Emr and drug resistance have not been characterized in *A. baumannii*. Among them, A1S_1772 (*emrB*) and A1S_1773 (*emrA*) were demonstrated to be co-transcribed as a single operon. Surprisingly, the Emr pump systems in *A. baumannii* contribute to adaptation to osmotic stress and resistance to colistin.[@CIT0046] Approximately, all efflux pumps of gram-negative bacteria are described in *A. baumannii*. Here, we describe these state-of-the-art efflux pumps:

RND Transporters {#S0006-S2001}
----------------

The AdeABC pump of *A. baumannii* BM4454, which causes resistance to several antibiotic classes such as aminoglycosides, consists of proteins including AdeA, AdeB, and AdeC. AdeB is a member of the RND superfamily.[@CIT0047] RND transporters employed in the inner membrane and form transporter cover complexes in gram-negative bacteria together with periplasmic membrane fusion proteins (MFPs) and outer membrane factors (OMFs). Since these macromolecular complexes are tripartite units, they perform as authoritative machines that eject multiple antibiotics through outer membranes. Contemporary, several studies have been conducted on the structures of the RND, MFP, and OMF components. AdeABC pump in wild *A. baumannii* has mysterious control by the AdeRS two-component system.[@CIT0047] In a relevant study, susceptibility testing and phenotypic evaluation confirmed the role of active efflux in mediating decreased susceptibility to biocides. Inactivation of either the *adeB* or *adeJ* transporter gene led to increased susceptibility to biocides. Moreover, RTPCR analysis exhibits increased *adeB* and *adeJ* expression in clinical isolates. This study was the first one establishing the role of efflux pumps in facilitating reduced susceptibility to disinfectants and other chemical substrates in *A. baumannii*.[@CIT0048] Multilocus sequence typing (MLST) and pulsed-field gel electrophoresis (PFGE) were applied to detect the existence and overexpression of the three Ade efflux systems. They also analyzed the sequences of the regulators AdeRS, a two-component system for AdeABC and AdeL, and a LysR-type regulator for AdeFGH. The results of this study showed that the incidence of AdeABC efflux pump overexpression in MDR *A. baumannii* is caused by a variety of single mutations in the corresponding two-component regulatory systems.[@CIT0049] In *A. baumannii, AdeB* is the multidrug transporter protein, *AdeA* is the MFP, and *AdeC* is the OMP.[@CIT0032] The efflux transporter (AdeB) arrests its substrates both from inside the phospholipid bilayer of the inner membrane or the cytoplasm.[@CIT0022] Next, it transfers them into the extracellular medium via OMP (*AdeC*).[@CIT0029] The periplasmic protein *AdeA* mediates the collaboration among *AdeB* and *AdeC* components. Drug transport by different pump families is determined by the transmembrane electrochemical gradient of protons. Some of the RND families are proton antiporters that use the proton gradient to force efflux and trade one H+ ion for just a single drug molecule.[@CIT0030] [Figure 2](#F0002){ref-type="fig"} depicts the scheme of the structure of the *AdeABC*.[@CIT0031] This system was revealed to be associated with declined susceptibility to a broad spectrum of antimicrobials as well as aminoglycosides, tetracycline, erythromycin, chloramphenicol, trimethoprim, fluoroquinolones, some β-lactams, and ethidium bromide.[@CIT0032]--[@CIT0034] The knockdown of AdeB can reduce the resistance to antibiotics in isolates with confirmed other genetic-based mechanisms.[@CIT0050]

MFS Transporters: Selective {#S0006-S2002}
---------------------------

The major facilitator superfamily (MFS) is the unique large group of secondary active transporters that is carried from bacteria to humans.[@CIT0051] Additionally, MFS proteins transport a wide range of substrates through biological membranes and show a crucial role in multiple physiological processes.[@CIT0052] MFS transporters can be categorized into more than 70 families on the foundation of sequence homology.[@CIT0053] Depending on the transport mode and basic principle MFS transporters, they can be classified into three main groups including uniporters transport with a single substrate; symporters transport with a substrate in association by a coupling ion (typically protons); and antiporters transport as substrate with a co-substrate in opposed directions, where the binding of one is dependent on the prior release of the other.[@CIT0054] Uniporters need no external energy participation; nevertheless, in general, they can merely transport their substrates down their concentration gradient, while symporters and antiporters are able to employ the energy stored in the concentration gradient of their link ion or co-substrate to transport substrates contrary to their concentration gradient. In *A. baumannii*, the main efflux pumps are Tet(A) and Tet(B). The efflux determinative Tet(A) confers resistance to tetracycline and Tet(B) to Minocycline and tetracycline.[@CIT0055] MFS transporter-like open reading frame (ORF) of 453 bp was recognized in a pathogenic strain *A. baumannii* AIIMS 7 and its relationship with adherence and biofilm formation was explored. Recent findings revealed that the recognized MFS transporter-like ORF (PMT) is linked not only with adherence but also with biofilm formation and probable eDNA release in *A. baumannii* AIIMS 7.[@CIT0056] The results of another study indicated that efflux is an imperative mechanism of fosfomycin resistance and AbaF is elaborate in fosfomycin resistance in *A. baumannii*. AbaF also appears to play a role in biofilm formation and virulence of *A. baumannii*. The MFS transporter AbaF dynamically effluxes out Fosfomycin and adapts the cells resistant. Moreover, its expression is upregulated on exposure to fosfomycin. AbaF is expressed in fosfomycin-resistant clinical strains of *A. baumannii*. These strains have reduced susceptibility to fosfomycin in the presence of efflux inhibitors.[@CIT0057]

SMR Transporters {#S0006-S2003}
----------------

The proton-motive force-driven SMR transporters are members of the drug/metabolite transporter (DMT) superfamily. They are very small and each has just four TMSs. Accordingly, dissimilar MFS transporters apparently act as monomers, SMR transporters. Moreover, they interchange the H^+^ received by the pumping out of either mono-cationic and ethidium or di-cationic such as parquets complexes.[@CIT0058] A study was conducted on chromosomally encoded putative drug efflux pump of the SMR family, named AbeS, from a multidrug-resistant strain of *A. baumannii* to reveal its role in antimicrobial resistance. Expression of the cloned *abeS* gene in hypersensitive *E. coli* host KAM32 resulted in declined susceptibility to various classes of dyes, antimicrobial agents, and detergents. The deletion of the *abeS* gene in *A. baumannii* confirmed its role in deliberating resistance to these complexes.[@CIT0059]

ABC Transporters {#S0006-S2004}
----------------

The ABC transporters are functionally various and mediate ATP-dependent export or import of solutes.[@CIT0060] The structures of ABC transporters reveal transmembrane domains (TMDs) that contain substrate-binding domains (NBDs)-binding pockets and nucleotide that bind and hydrolyze ATP to drive the transportation cycle.[@CIT0061],[@CIT0062] The ABC exporters can be divided into heterodimeric and homodimeric groups, with the latter being particularly related to inherent and acquired antibiotic resistance in gram-positive bacteria (eg, EfrCD, LmrCD, and BmrCD). Although most homodimeric ABC transporters are thought to have two same nucleotide-binding sites, heterodimeric ABC transporters contain a degenerate binding site that does not use ATP hydrolysis.[@CIT0063] Most of the transporters involved in drug efflux belong to the ABC family and are seen in fungi and animal cells.[@CIT0064] In gram-negative bacteria, there are only rare cases of ABC family drug efflux pumps. In this regard, MsbA, the exporter of biosynthetic intermediates of lipopolysaccharide (LPS), was revealed to pump out drugs and erythromycin when extra expressed *in Lactococcus lactis*.[@CIT0065] The ideal bacterial ABC drug exporter is *MacB* of *E. coli*, which acts together with the periplasmic adaptor *MacA* and the OM channel TolC ([Table 1](#T0001){ref-type="table"}).[@CIT0066] MacAB-TolC leads to an increase in the number of macrolide MICs in the presence of these pumps.[@CIT0066] Recently, crystal structures of ABC transporters have been reported for various organisms for both substrate exporters and importers. In type I bacterial ABC exporters for antibiotics and cytotoxic agents, the minimum functional unit has two transmembrane domains (TMDs) and two cytosolic nucleotide-binding domains (NBDs).[@CIT0067],[@CIT0068]Table 1Efflux Pump Families in *Acinetobacter baumannii* with Strains Which Pumps Described for the First TimePump TypeStrainCloned Gene/BacteriaRoleReferencesMFSAIIMS 7*Gfp/E. coli* DH5Adherence, biofilm formation, and probable eDNA release([@CIT0056])RNDBM4709*AdeB cpn60, fusA, gltA, pyrG, recA, rplB,*Multidrug resistance (MDR)([@CIT0049])MATE FamilyATCC 19606*abeM/E. coli*Drug resistance([@CIT0092])ABCE172Q mutant*macB/E. coli* BL21Actively extrudes substrates, including macrolide antibiotics, virulence([@CIT0068])SMR familyAC0037AbeS/*Escherichia coli* KAM32Antimicrobial resistance([@CIT0059])*A1S_1535*Strain AG100AABAYE_0913 *E. coli*Antimicrobials([@CIT0093])*CraA*ATCC 19606Vector pEX100TChloramphenicol Resistance([@CIT0094])*CmlA*AYE strain*E. coli* KAM32Chloramphenicol Resistance([@CIT0095])*FloR*\_*E.coli ATCC 25922*Florfenicol‐resistant([@CIT0096])*AmvA*AC0037*E.coli KAM32*Elevated tolerance to antibacterial agents([@CIT0097])*AceI*\_*E. coli BL21*Resistance to additional biocides, including benzalkonium, dequalinium, proflavine, and acriflavine([@CIT0098])*A1S_0536*ATCC 17978*E. coli*Resistance to tigecycline, imipenem, and amikacin([@CIT0099])*AbaQ*ATCC 17978*E. coli*Quinolone Resistance([@CIT0100])*EmrB*ABO12199*E. coli*Colistin Resistance([@CIT0046])

MATE Transporters {#S0006-S2005}
-----------------

Nowadays, the MATE transporters have developed a portion of a new superfamily,[@CIT0018] ie, the multidrug/oligosaccharide-lipid/polysaccharide (MOP) flippase superfamily, owing to their linking to transporters like the LPS flippase RfbX. These transporters are prevalent in bacteria and are similarly found in advanced animals and plants. For the first time, these transporters were recognized as a Na^+^/cationic antiporter agent named NorM from *Vibrio parahaemolyticus*.[@CIT0069] The main role of these pumps is to excrete components such as cationic dyes, fluoroquinolones, and aminoglycosides in the periplasmic space. Several of these transporters applied a gradient of Na+ and H+ as the energy source. The crystal structure of *NorM* from *Vibrio cholerae* points toward an outward-facing conformation with two gateways open to the outer leaflet of the IM.[@CIT0070] The AbeM protein showed sequence homology more than 90% similarity and an extra 70% identity with the sequence of ACIAD0429, which was assessed to be a NorM homolog of *A. baumannii* ATCC 19606 ([Table 1](#T0001){ref-type="table"}). AbeM may be one of the MATE families of multidrug efflux pumps. The presence of AbeM efflux pump confers more than a 4-fold increment in the MICs of ciprofloxacin, norfloxacin, ofloxacin, gentamicin, triclosan, daunorubicin, doxorubicin, ethidium bromide, and rhodamine 6G. Furthermore, it generates a reproducible 2-fold increase in the MICs of kanamycin, chloramphenicol, erythromycin, trimethoprim, and tetraphenylphosphonium (TPPCl).[@CIT0071] Sequence analysis has shown that AbeM is a member of the MATE family of pumps. AbeM was found to be as an H^+^-coupled multidrug efflux pump and a unique member of the MATE family. Different types of efflux pumps in the most important strain of *A. baumannii* are introduced in [Table 1](#T0001){ref-type="table"}. As can be seen, efflux pumps have key roles in adherence, biofilm formation, and multidrug resistance (MDR). Another important point from [Table 1](#T0001){ref-type="table"} is that *E. coli* strains extensively used as a host bacterium for gene cloning purposes.

Genetic Organization {#S0007}
====================

The encoded genes for the *AdeABC* efflux pump are located on the bacterial chromosome.[@CIT0047] Generally, the genes are organized as a definite construction, or are attached and directly organized such as *adeA, adeB*, and *adeC* genes ([Figure 2](#F0002){ref-type="fig"}). Also, the encoding gene of the periplasmic auxiliary protein is positioned adjacent to the encoding gene of transporter protein, which is placed adjacent to the OMP. There are two regulatory genes, known as *adeS* and *adeR*, which are thoroughly associated with proteins of two-component regulatory systems. These genes are transcribed in the opposite direction to each other and are contained upstream from *adeA*. The double section system consists of signal transduction ways in bacteria that reply to environmental conditions.[@CIT0032],[@CIT0047] The protein AdeR (regulator) contains several amino acids. As a usual transcriptional manager, protein *AdeS* (sensor kinase) is smaller and reveals the activity of bacterial histidine kinase. Altogether, they adjust target gene expression in response to incentives. The sensor protein displays the environmental conditions and triggers or deactivates the response regulator protein, which controls the expression of the efflux pump.[@CIT0032],[@CIT0047] Double component regulation systems normally facilitate the adaptive responses of the bacterial cells to an extensive range of environmental stimuli.[@CIT0072] This system is related to diverse pumps of RND family performing in gram-negative bacteria among the *AdeABC* of *A. baumannii*.[@CIT0073],[@CIT0074] The state of the pump expression is controlled by such a system and needs the existence of the stimulus and a substrate in the environment of the cell. This substrate triggers the pump in order to eliminate the substrate around the cell. Antibiotics can act as inducers and regulate the expression of several efflux pumps at the stage of gene transcription or mRNA translation, by cooperating with regulatory systems.[@CIT0075] Few of pumps are autonomous of environmental stimuli and persistently active the distinct level. Such activity is defined as constitutive. Several studies have confirmed that the assembly of the *AcrA, AcrB*, and TolC proteins into a functional *AcrAB-TolC* pump is constitutively occurring in the existence or nonexistence of substrate molecules.[@CIT0076] The *AdeABC* pump of *A. baumannii* can modify the expression from inductive to the high level of the constitutive type, comprising the activity of the pump on the very high level named as overexpression. As a result of various mutations or inactivation by insertion sequences in the local regulatory genes, it is possible to activate and deactivate inactivator *adeR* in *A. baumannii*.[@CIT0047] Recently categorized proteobacterial antimicrobial compound efflux (PACE) transporter family is more important than *A.baumanni* and should be considered in future studies[@CIT0077] because they contain highly conserved in other pathogenic bacteria. Although their physiological role remains to be determined, their participation in drug resistance seems to be accidental.[@CIT0078]

Efflux Pump Inhibitors {#S0008}
======================

Efflux pump inhibitors (EPIs) are compounds that strengthen the activity of antibiotics against MDR bacteria.[@CIT0079] Many natural compounds and plant extracts have been evaluated for their resistance changing activities especially by reversing the natural resistance of bacteria to certain, antibiotics.[@CIT0079],[@CIT0080] [Figure 3](#F0003){ref-type="fig"} illustrates the structures of the main known Efflux pump inhibitors. Lethal doses of antibiotics can activate numerous processes that allow bacteria to survive antibiotic exposure. Epigenetic studies also may play a part in upregulating efflux transporters. The perceived occurrence of persistence by a subpopulation of bacteria, which may be metabolically inactive survives initial exposure to antibiotics, may genetically match the drug-susceptible group or complicate strategies for treatment.[@CIT0081] Surprisingly, *E. coli*-persevered cells are reported to have improved efflux activity and lower intracellular antibiotic concentrations.[@CIT0082] Efflux pumps have a role in the formation of hetero-resistance. This function has been considered by subpopulations of bacteria that have a resistant phenotype, regarding clinical levels of resistance in each isolate.[@CIT0083] In various cases, MDR clinical isolates of bacteria display multiple mechanisms of resistance.[@CIT0040] For instance, fluoroquinolone-resistant MDR *E. coli* was found to improve efflux, reduce permeability, and decrease gyrase sensitivity to the drug (*GyrA* S83L).[@CIT0084] Extra-expression of efflux pumps is one mechanism that can donate to multidrug resistance. Forwarding protein synthesis to make efflux pumps is metabolically serious; therefore, it is perhaps not surprising that a metabolic cost can be related to drug resistance.[@CIT0085] Even though extra-expression of pumps might refer to drug tolerance, too much extra-expression is able in some cases to be unfavorable to the fitness and virulence of the bacterium, as perceived for case in point in an S. Typhimurium mutant overexpressing *AcrAB*.[@CIT0086] Additionally, mutations in pumps can be benefited to alter activity. Besides, modified binding pockets in *AcrB* have been detected to confer clinically appropriate MDR developed in a patient during the treatment of an infection by S. Typhimurium. A G288D substitution altered the substrate specificity of the pump, conferring ciprofloxacin resistance. Briefly, in drug-resistant clinical isolates of *C. jejuni*, mutations in the drug-binding pocket of the RND transporter *CmeB* have been recognized.[@CIT0087] The most important drugs, including omeprazole, reserpine, and verapamil, are well recognized in pharmaceutical drugs. Omeprazole is prescribed to treat gastric ulcers because of its capability to block H^+^ pumps. Therefore, it is recommended as a potential inhibitor of EP families using the H^+^ gradient to discharge antimicrobial drugs for the cytosol as well as MFS, SMR, and RND. Reserpine and verapamil are the blockers of the P-glycoprotein, an ABC EP found in humans. As ABC EPs are not defined as main contributors to antibiotic resistance, a low impression of these two molecules on clinical *A. baumannii* strains can be expected.[@CIT0088],[@CIT0089] In summary, efflux pumps obviously decrease the activity of many antibiotic families. Inhibition of the involved pumps can restore the drug susceptibility of resistant strains and might confirm the clinical activity of some traditional antibiotics.[@CIT0090] Using these inhibitors, one should consider the toxicity risk of these inhibitors for eukaryotic cells. This problem is attributed to their similar structure with that of human efflux pumps and bacterial ones.Figure 3Structures of the main developed Efflux pump inhibitors.

Conclusion {#S0009}
==========

*Acinetobacter* spp. are among the most important hospital opportunistic pathogens throughout the world. Antibiotic resistance of this bacterium to a wide range of drugs has led to increased mortality rates. The data collected in this review show that efflux pumps play a distinctive role in relation to drug resistance. Among several inhibitors associated with these pumps, some are reviewed in this article. Studies demonstrate that any changes in the behavior of the pumps can affect antibiotic resistance. To ascertain whether synthetic compounds of natural materials can affect these pumps, further studies are needed. The efflux pumps are influenced by numerous genes. Any change in the expression of these genes may affect their performance. In summary, the most important challenge in *Acinetobacter* spp. infection is their drug resistance. Efflux pumps are the most important factor in the development of this procedure. Using various compounds, we can inhibit these pumps that can help us for control of infection. Efflux pumps are very important structures in bacteria. Since any changes in their performance can affect antibiotic resistance, it is worth paying more attention to the performance of these pumps.
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